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This article contains the result of an investigation about the 
magnetic agents outside of the Earth's surface as well as the Earth's 
magnetic elements for the epochs 1550, 1900, 1915. Finally, it con- 
tains the secular changes of the Earth's matnetic elements during 
the time interval 1550 - 1900. 
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THE ELEMENTS OP THE EARTH'S MAGNETISM 

and 

Their Secular Changes between 1550 and 1915 

PUBLICATION III 


Dr. H. Frihche* 

I 


CHAPTER 1 

a. Influence of magnetically acting agents which could be /]_* 
located on the Earth's surface. 

I have published two papers with the following titles about 
determining the elements of the Earth's magnetism using the Gauss 
theory and observations: 


I. Determination of the coefficients of the Gauss general 
theory of the Earth's magnetism for the year 1885 and about the rela- 
tionship of the three Earth-magnetic elements, St. Petersburg, 1897.** 

II. The elements of the Earth's magnetism for the epochs 1600, 
1650, 1700, 1780, 1842 and 1885 and their secular changes, calculated 
with the coefficients of the Gauss "General Theory of the Earth's 
Magnetism", St. Petersburg, 1899, which was derived from all of the 
usable observations.*** 


In the following I will call the first of these papers "Publica- 
tion I" and the second will be called "Publication II". The present 
paper, my third publication, about this topic is an addition: It 

contains the result of an investigation about the magnetic agents 


^Director Emeritur of the Royal Observatory, Peking. 
Numbers in the margin indicate pagination of foreign text. 


** Translator's Note: For Translation, see NASA TM- 77105. 
*** Translator's Note: For Translation, see NASA TM- 7710 0. 
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outside of the Earth's surface as well as the Earth's magnetic ele- 
ments for the epochs 1550, 1900, 1915. Finally, it contains the 
secular changes of the Earth's magnetic elements during the time 
interval 1550-1900. 

Some scientists have spread the false belief that Gauss when 
setting up a general theory of the Earth's magnetism only considered 
the inner magnetic Earth's forces, which are located inside the 
Earth and that he ignored the effects of the agents acting outside 
of the Earth's surface (for example, in the atmosphere). For example, 

L. A. Bauer in the Terrestrial Magnetism Magazine of March 1899 on 
page 34 (he is the editor) "he (Gauss) supposed the entire magnetism 
was due to causes within the Earth's crust". 

A. Schmidt also has the same opinion, for example, in the maga- 
zine 'Terrestrial Magnetism" volume II, (December ), 1897, page 150. 

Also D. W. Littlehales in the "Terrestrial Magnetism", March 1900 
page 39" in his paper about a not-yet completed book "An Account of 
the Late Professor Adams' Determination of the Gaussian Magnetic 
Constants". The equation formulated by Adams not only includes the 
magnetic constants of the class that were determined by Gauss as due 
to forces residing inside of the Earth, but they also take into 
account those forces which depend on sources outside of the Earth. /2 

The number of magnetic constants contained in them is 120 for the 
class resulting from exterior influences and 120 for the class result- 
ing from interior influences, or 240 magnetic constants in all, in 
place of the 24 constants of the interior class that were previously 
determined by Gauss. 

I congratulate on the determination of 240 constants (coeffi- 
cients GH) of the theory, both from the now available material and 
the material to be available in the future! In this way, the theory 
would be reduced to simple interpolation. I have proven* that 46 
coefficients GH of the theory are sufficient for representing the 


** cf. publication I page 27 . 
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observations completely because they cause the magnetic anomalies 
which can be found everywhere on the Earth. This means a larger 
number of coefficients than 46 would not bring about any noticeable 
reduction in the distances between the theory and the observation. 

As we will see later on, all of the observations of the 19th Century 
are not sufficient for an exact calculation of only 46 coefficients 
of the theory for the inner and 46 coefficients for the outer forces. 

In the journal "Terrestrial Magnetism", September 1889 page 211, 
the editor Bauer gave an angry reply to my already published papers 
about the use of the Gauss theory because I demonstrated that his 
discovery about the secular variation was erroneous and that I criti- 
cized his so-called friends. I am convinced that my difficult work 
will be applauded by the specialists. The opin. on of a talkative 
young person such as Bauer does not mean anything to me because for 
four decades I have worked on the exact scientific contributions 
(my first astronomical paper about the planet 65 appeared in no. 1420 
of the Astronomical News, June 3» 1863). 

One can easily demonstrate that Gauss gave the required rules 
for determining the magnetic forces not Just inside but outside of 
the Earth's surface as can be demonstrated from paragraphs 36-41 on 
pages 169-175 of his theory. I use these rules to calculate the coeff 
icients GH of the theory for the inner and outer magnetic forces. 
First, I determined GH only from the (observed) components X and Y. 
Then I determined GH separately only from the (observed) vertical 
component Z. From the combination of both series of the GH, T cal- 
culated the values of the GH both for the inner and outer forces 
according to the rules given in Chapter 40. The flattening of the 
Earth was also considered, but it only has a small influence. I used 
the same combinations of the primitive equations which are used in 
Publication I page 13 and the following. Here I will give the final 
equation for the two epochs 1842 and 1 8 8 5 because the earlier epochs 
1780, 1700, etc., should not be considered because of the deficient 
observations . 
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If according to Gauss, one calls the potential divided by the Earth's 
radius Jt l »n?'*?%74‘t r +T*j and if one sets the term corres- 
ponding to the outer forces ’■>'♦> m +t* /*+/>*+ / m » if K ^ K 

which are only the sums derived from the (observed) horizontal com- 
ponents X, Y of the potential, divided by R, and if finally 
7*' J*‘? m 71* ?* Z* are the sums determined with the (observed) 

vertical component Z of the potential, divided by R, then one obtains 
formulas (M) 

,■ . f tr k -K). r- i an- r.V‘ r-WC-vr). /*+ ft- 

?•*<*!-%)• fry*?- 9 ?); 

formula (5) 

?y wi-f, r: 75V n wr-* m *• 

If one now subtracts the values g/2 in (2) and (3) from one another, 
then one obtains the differences d and d, which are given in the 
following table (6). 
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According to the above equations, one then obtains the quantities /6 
and ?'?*?*•... and in this way, the coefficients g/2 of both 
the outer and inner forces of Table (6) 
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There are more or less serious determination errors connected 

with the coefficients g h„ of the outer forces. It seems that the 

a a 

first coefficient has the most certainty, which here was cal- /7 

culated using the averages k Q and m Q of the parallel circles (for 
epoch 1842 from 12 equidistant values, for epoch 1 8 85 from 24 equi- 
distant values of X and Z), because k and m are determined somewhat 

00 
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more accurately from observations than the other coefficients k 1 m 
K L M of the series 

y a ?,+ /,!« A » Ku'm \+/ t tmt A +4»ll tX» - • J 

This Is also because g 1 *^ Is smaller by the same amount 0.0355 for 
both epochs 1842 and 1845 when determined from Z and from X. If 
one were only to consider the , If one were to Ignore all 

other external forces, then the outer magnetic force divided by the 
Inner magnetic force would be at a ratio of 1:135. In order to esta- 
blish the size of the outer forces and their ratios to the Inner 
forces, at least approximately without a cumbersome calculation, on 
the average for the entire Earth, I have collected the primitive 
equations on page 13 in the following in Publication I in the follow- 
ing way by only considering the numerical values of the coefficients 
of gh, but not their sign. In this way, I obtained: formula (7) 

equations 
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The most likely values of are obtained if one 

substitutes the numerical values of g and h in these equations and 
the square root is taken from the sum of the squares of the corres- 
ponding products. For example, *, if 9*0* • Tbe m08t ilkel y 
values of the northern component of the outer magnetic forces is, 
therefore, because the average 

value of cos nX and sin n^ is 0.62 according to tht. scheme that I 
derived. Therefore, for the outer forces we find and for 

the inner forces the northern component is » that is, 


I 

I 


In the same way as for X, from the primitive equations of Publi- 
cation I page 13» etc., I derived the most likely quantities of the 
western Y arid the vertical component Z for the outer forces. 
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After one has calculated t, \ t x from the laws of probability 
theory mentioned above, one obtains the most likely contribution of 
the western component Y a for the outer forces 

For the inner forces, we have ■ 0.5 and, therefore, 

According to Publication II page 103, on the average, we found by 
averaging over 17 parallel circles between the latitudes +C 0 ° and 
- 80 ° that the first term l o of the series ji 

was not a # according to observations. Instead, for the two epochs 
1842 and 1885 on the average, they were at#,#/*, so that 
/ v iV J4. . This means that l o is quite close to the quan- 

tity Y ft . 


Formulas (9) equations 
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The most likely mag nitude of the vertical .component Z fl for the 
outer forces is Fa- the Inner 

forces, we have JJf >41 , that is Z»:^a/t#/. 


The entire force J & of the outer agents is •i 
Therefore, J«s#,#/jj and since the entire intensity of the inner 
agents applies for the entire Earth, one finds that 7« •* •?•»/: f l 

The outer force, therefore, is only 1/82 of the inner force on the 


9 


ORIGINAL PAGE (8 
OF. POOR QUALITY 


average. I would like to also note that the components X^, Y^, 
were also calculated according to the approximate method men- 
tioned, by substituting the values gh of the Inner forces In equa- 
tions (7), (8) and (9). In this way, I obtained the same quanti- 
ties ■ 2.2, Y^ ■ 0.5, Z^ » 4.2 as I obtained earlier by complete 
calculation from 408 locations distributed uniformly over the entire 
Earth’s surface. Therefore, the valueo X. ■ 0.0295, Y. ■ 0.0192 

and Z ■ 0.0464 can be considered as approximately correct. 

61 

The calculation which I made according to the Qauss rule of 
both the inner and outer Earth magnetic forces for the two epochs 
1842 and 1885 required no great effort, after I had made the first 
general calculation which is contained In Publications I and II. 

This means that also irt this case, as in many other cases, one has 
to admire the Ingenuity of Qauss ,who always was able to grasp problems 
he dealt with very well and was able to solve them in a simple way an 
could nobody else. Here again, the path for determining the Earth's 
magnetism is not only theoretically correct, but it is also the most 
practical method because, at the present time, one does not have any 
more or better absolute measurements than he had in the middle of the 
19th Century, even though the number of magnetic observatories and 
their means have substantially improved compared to earlier times. 

B. Earth magnetic elements for the epoch 1550 

The values of the coefficients g,h of the theory for the epoch 
1550 are based on the declinations collected by Dr. Van emmelen 
and published in 1897, March 10, by the Academy of Sciences in 
Amsterdam, as well as the elements which I calculated earlier for 
the epoch 1600. Using these gh, I calculated the cosine and the sine 
series for determining the northern component X r , the western com- 
ponent Y^ and the vertical component Z r given in Tables (10), (11) 
and (12). And from this I calculated the seven elements 
XrJC^r4£r£ V? contained in Tables (13), (14), (15), (16), (17), 
(18) and (19). * 
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TABLE (10), epoch 1550 

a. *. Jt, *» K i /j *♦ fr A?. 
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no Xf* +0C1I-4.1U Hjft OO.Itl -CCOyH.cn -4,40 1 Ht/i -CHI -0.0 tl 
1*0 X-*ClM rHUl^JiiC0JOlHJV*OlOt/M0roHOC1-O.O* CJOO-O.CQt 

tfC lr" Htncc.cn HOn+O.OHHltrSHCUCCMSHOII -0,0/0 CCco-CiCl 

Ho XrH/J/ oo.rn oOAoitosii+o.tO'>oo i cif+coUHM -ooor c.coo -c,cct 
no k' +OSfi+OJ0l+O.}Qi0 4jfi Hlt 9HLC4fHC0iCCMH 0400 0,040 COCO . 


TABLE (M), epoch 1550 


M 
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* In Publications I and II as well as in the present Publication 
III, the following notation applies: X is the eastern longitude 

from Greenwich; f* is the geographic latitude; u is the argular 
separation from astronomical North Pole so that f 
the potential divided by the Earth’s radius R * * 

the ideal distribution of the magnetism on the Earth’s surface; 

X is the northern, Y is the western and Z is the vertical compo- 
nent. 6 is the declination, i is the inclination, T is the hori- 
zontal and J is the total intensity. When k)ii*T9 are calculated 
according to the theory, then they are called I»jr»V<(4£A 

When they are observed, they are called The unlts 

for for intensity are milligram, mm and average seconds. 
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TABLE (11) Epoch 1550 

^ 4 4 4 4 ^ 4 

H m * MA *'» A »>H ti»l> r*nX HnjA f*>9X A'kVl timfX 

9* Hr •+*. 134*4, X3\ -*.9Xi+0,3iO-4A+l-O./SX-O./ti-4.4H +0.19/ 

** £-= -0,9l9¥0.ift -«nu -4.07 f -4,416-4,4*1 +0,nr -Of If 

HO y, ••¥4010 +OJft -0.947+030* -O.Oi* -4,416 -Ofitt -0J0X3+4,* 00*0, OOl 
no J. •-O,O93+O,*/f-0,*IO+4^9/ ~4J0( +4, 4U -00(6+0,009+44+6 ¥0.00/ 

no *>« -o.no* 4 »» -o.+n+ojfs -o.n10-o.094 toon +0.011+0,079+000 x 

no 'h*-Q,)%3*0,m.-O.‘tli+4Jil -4001 +44 *6 *0.0/ j ¥0.019*0.009*0.001 
ISO }f r *-o. ift+o, sit -0,111+oj 19-0.0+4 +0.039 +0,019+0,4/6 *0,401 * «,«»/ 
no -*.i n+ojn -o.x9ho.ho - o,oi4* o.ou +4006 +* a oi +9001+0.00* 


Tr it TABLE (12) Epoch 1550 

— ff 1. Mo *^/ JU A *V A 

« Ji'ntA rt'*M <■«->> A ti*r\ 

n 2 r m*f.US-O^i0-0,IJS-O^i*¥^0yi *0,440 *4,04**0,000 *0.004 ¥0,000 + 0.444 
to Z r •+t,1tl-0,lf9 -O.tSf-OJtl *0,X70 -4,00 i +0.4U *4.04* +4,400*0.044 -4,001 
SO Zr *+f,f9l-0JiJ -O,is*-0,no+4, t r7l -0417*4401+0.01} *0,041-0.001 -0.009 
90 2r •+f.*9f -0.019 -4,919-0 US+0 LH -0.0 ff +0JO 6 +0419 +Q.OII -4,409 -0.0 J t 
to 7 r *+*,i7l+0,Hf-4,*ye-4j9S+4AU -0.1X1*0,117 +0,4 U +4,0*0 -0,4X0-0011 
60 7 r s+J.VU ¥0A II -0,9 19*0.0/ 9+*Xti -0.XO4 +4,097 +O.O0J *0.019-0 0)3 -OJX0 
1b Ar* +I.W+0, ir0-4,+7l +0,11 s *46 il -0.U.4 +0, Of 7-0.03 f*Oj J S -4.0+0-0, 1*9 

to Z^*i.o3O+o.xU-o, l *ll**S*o*o.Uif-0.iri +*.030 -o,i7f+o,iii -00*0-0. lil 
90 It- -o.n*+4.ili -*.119+099* *4.S}r-0J4i +4.0} 4 -0,04) +0,143-0 010 -O,! 6) 

Itt 7.r*-i,\ib+o,s+9-0.)7 i+o.sya +o.tif -oou +4.071-0,0 <> +0.119-4 on -o./i / 

110 Zr'-XJH+0, 7*9+0.011 +0/t3l +Of}$+0,0/l+0./tf-O.n*-+4,OfS-4,4Ol-O4if 
no 7 r*s. 2 9 i*oj to +0.1/9+0,00 +4.si9+f,oii*o.m+o.on*ooot +0.003-0.099 

lib Zs-VOi *0. f if +0.3 10 +4. m +45 a +0,473-0.1X3 +0. 03S -0,017 +040+ - C, 0/ 1 
no z * — 91li+4Jil+0, 971+0.137+4.91/ *4.0(1 **.»n*4,4}0 -4,016 +0.*Ol-C.Qo6 

no z r ■* -s,+fi +*ut9+o,9H+o,n * +0,309*0.4 n +o,on+o.o/t -0.09+0,001-0,001 
no Z- m s.97)+o,+ii+4 SV+0,0 7t+o, xj t *00 n +0,017+0,009 -0.409*0,000+0,000 

_ 170 ?r" -4,3lf+0. 1+9+0, llt+4.4l++04lf+0JOL*O.CO 3+04QO -0,040+0.400 +0j000 

TABLE (20) Epoch 155© 

Different 0,-04 between the declination calculated according to the 
•theory 6 r and the observed / r '(cf. given here under the following table (16) 

'f As o m I Af'f jo’ ’+f*\ to'! Yr'\ioo*\3/s 9 \3io'\}+r 


-0.3 +0,9 

-0.7 - 0,t +0,7 
-0,7 -1,1 -0,1 


- 0.1 It J 


-0.7 - 1,7 -0.6 ft +17t 
-0,i -1.6 -10 +J t 6 ¥+.1 
-l,S - U -u +u +9,1 \+9*9 

-o,i Tlj'+ITTIT 


, +K1 +0.7 
-9.1 +4j - 0.6 
-1*1 0,0 +1.0 +0,9 

+ 1,1 +U + *J +0.7 
+ 17 +0.1 +0L3 +0,9 
-O.S -4,S 


+ 1,1 +1.0 +I.i 

+ 1,9 +1,1 + (,i +0 . 7 
+6.6 +1.1 H 1.9 -O.S 


- o.i -0.9 

+n 


- 0.9 +4/9 
+/.S fT, T 
+/.1 +J.6 


iHUll AHM-trtL, 


bn the average, for these SO values we !vwe whereas for the 

epoch 1600, 1650, 1700, 1780 the averages are '-fit 
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Table (18) epoch 1550. Horizontal intensit}^ according to theory. £or 

'*'\ Jo'i Vi /. o*i >i*i >*• ) /at* i /f’ l /j-r‘ i //o‘i /< r*| /<#•[ /^.r , i t/*'i t ty*i t»**i »cr) t x>* i tts* jj»*i jkt * 

+*#' Ia/W AOl 4VO <>I> 4/1/ AM) fiH AM* AH/ 471* *./#* A *** AM* 4<tt A/Jp At*/ AJt/ AW* *./// 4/M ASH 

*>* PJIj «,>*« fit) l,*M AM/ AIM /.PJ* /,/W /.(*/ /,JJ* /.)/) /.*« /,/** Af *1 Alt* 4W7 4)1/ AS* «.«*<* Ol» MU *,« <W AH# 

am /.<« /,/** ft;; am /./// /,ii) isvt /.wt /.*if /.i/t /.)«/ /4J* /,<»* /«* /.i/j */n /.**/ a»*/ /.*»* /.tw4*»j />* i/fr iJ*r 
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<hW -»•-< -i HtJw H ^ •* > ' w v*? k. •*'-< ~t 

hr-rr — ' i _ ■ wi. J ^ ’ - "i: k ^ ■ — r— 1 ™rmr 1 . C 


^ ♦ 1 % > >♦* * •’ ^ r? ** *m * 25 

^ 3 -a ■*! 3p» >•*, •> s •» A *« o •*.* + ^ « ■< « “) 

w »•»• «»• •» w -c |-j > » ■> »f-» w <«*■*«« 


sJ» 2* t* !? •" r» •« •» »f • • £ •*!*• » 52 •*•* «• •< *> 

*» %.♦„ * **• w , *, •*.*i ^ -a 2, * *. •* -\l». «A *> "» «• •* *» *■» 

5 fpt S 5*335 553| C S i S 333 325 55 $**5 S$ 

< WNMwjtn/kwwwyN yF > <%s~y W^'»‘ w V>{3 

9?3sM?^?W?Tl^*5?i??rl?*i??V 1 57 • 
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The values '•'* without a star are the sum of the elements 
<•/</• '( of the magnetic maps for 1 8 8 5 (see Publication I (pages 3-6) 
and the secular changes of our tables (46), (47), (48) Chapter II 
given below, multiplied by 15. The values which have a star on 
the right in (21), (22) and ( 23 ) are obtained using observations, 
which were made on the average four years before the epoch 1900 at 
68 different locations. They are contained in the following docu- 
ments . 


1) G. W. Littlehales, the secular change in the direction of 
the terrestrial magnetic field, Washington, 1899. 

2) C. Chree, report of the Kiev Observatory, committee for 
the year 1898, page 30-31- 

3) Earth magnetic observations of the officers of the kaiser 
Austrian Navy ships, Zrini and Aurora, 1895-1898. 

4) G. R. Putnan, report A magnetic pendulum observations 
made, 1896. 

5) Meteorological publication, February 1894, page 76, August 
1895, pages 297 and 298, May 1894, page 40, March 1893, page 22, 
July 1896 , page 52, OETER. 1894, page 394. 

6) Magazine Terrestrial Magnetism April 1896 , page 85 and 
March 1899, page 62. 

7) H. Fritsche, Magnetic observations at 509 locations made 
in Europe between 1867-1894, pages 16-17, locations no. 126-130. 

The reduction of these measurements to the epoch 1900 was done 
using Tables (46), (47), (48) Chapter II. For the adjacent inter- 
sections of the meridians and the parallels, they were done using 
the tables given in Publication I pages 42-53, Tables 27, 28, 29. 
The values of the coefficients gh of the theory resulting from 
(21), (22) and (23) are found in Chapter I . The sine and cosines 
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series for X ,Y ,Z as well as the quantities 
r r r 

and J r which results from them are given in the 

(2*0, (25), (26), (27), (28), (29), (30), (31), 


fr y r *r 4 T. 

following tables 
( 32 ) and (33). 


TABLE 
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S r -+o.)l/ S9*e,!of*e,e}6-o.cot -ooor+o.eeo -t.vvi+e.eoo+o.toe 

X r -*C i99+° Olf+0, 600*0, )X7+0, OS J -toil -0 0/0 -* «0 3 - 6 . 00 } *0. 00 0+0.00/ 
Sr'-* 1 l'J‘/- G .l i */+6&fJ+ a -}19+o.oyx -e.o/1 -coo) -o,Qoc-o,oii +t oo) +o.oof 
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X r '-/.-c7.o.//6 +o.ll I -o,ti>) + o, 1 + 9 * 0 , no - 6 , 076 + 0 , 016 * 0 , t/1 to.coi +o,oot 
As* >, 37 5-o\ U*o.i6t-oi i)*uC >/ tc.c+i, +*>, 0)6 *o.ois+e o/j *o,to) -otn 
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According to the average of 264 points between the latitude /23 
+50° and -50° and longitude 0° to 360° according to Table (34), we 
have v/i*. . Also, according to Table (35), the aver- 

age of 4 0 8 points uniformly distributed over the entire Earth's 
surface result in the value <»•- i ( » ** sj/i. Finally, the aver- 

age of all of these differences of Table (36) becomes £-3 *i-±o,o+t 
or 2% of T. Almost the same deviations between theory and observa- 
tion were obtained earlier by me for epochs 1842 and 1 8 8 5 . I also 
am giving the geographic position of the magnetic Earth's poles 
for the epochs 1550 and 1900 which I calculated using Tables (13), 

(14), (27), (28). 


/ffc 


magnetic North Po ie ♦?<*/*' 
* South Pole tc 


X 
tv/* 
t or to 


f/nU 

img N.Pole M ? /f > 
S . Pol e „ y £ 0 


r\ 

UJ’JJ' 
itf /r 


d . Earth magnetic elements for the epoch 1915 

The Earth magnetic elements for the epoch 1915 which are given 
in the following tables (37), (38), (39) I obtained by adding the 
observed elements of epochs 1900 (Tables (21), (22), (23)) to the 
calculated theoretical difference between epochs 1900 and 1 8 8 5 . If 
one wishes to interpolate any magnetic elements between 1885 and 
1900 and beyond, then one can use the yearly secular changes given 
in Chapter II In Tables (4l), (42), (43), (44), (45), (46), (47), 
(48), (49 ), which follow from epochs 1842 and 1 8 8 5 - This is because 
the secular changes between 1885 and 1900 are very close to the 
ones between 1842 and 1885. For 1900, one very closely obtains 
the correct (observed) Earth magnetic elements. If one multiplies 
the yearly changes found between 1842 and 1 8 85 with 15 and if this 
added to the elements of the epoch 1 C8 5 - 
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a. Secular changes of the Earth’s magnetic element between 
1550-1900. The secular changes 4 ^ a?\ aZ> aS, At J a T and 
of the Earth's magnetic elements {■><,7' and 'J , 

when time is increased by one year was obtained using Publication II 
according to the theoretical tables (i»e , (W (J (We,Oo>/ AWgWtpVf 

and the tables (13)- 

(19) Chapter lb and (27)— (33) Chapter Ic of this third publi- 

cation. I have entered this into the following nine tables (4l) to 
(49). 
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TABLE (ill). Secular changes AT of the potential when the time is increased by one year in 
units of the 5th decimal, for 1600-1650. For we have *y*io,eoon* y For 9 

we have bj'cto.eooot / f * 
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TABLE (41). Yearly secular changes AT between 1700-1780. GE of the 5th decimal 
we have 'aJI-cjocU for we have •»£«<«««» 
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TABLE (*J2). Yearly secular changes AF between 1650-1700. GE of the 5th decimal. 

For , for p.->o’ A T*-o.o o„*. 


































































TABLE (42). Yearly secular changes AF between 1730-1842. GE of the 5th decimal 

For v*> j ‘ , ; for , Retain 
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TABLE (43). Secular changes 4 Y between 1650-1700 when time is increased by cne year. 
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TABLE (45). Secular changes aZ between 1550-1600 when the tim e Is Increased by one 
year. Gauss units of the 5th decimal. For for 
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TABLE (48). Secular changes AT of the horizontal intensity T between 1550-1600 when time 
increases by one year. Unit of the 5th decimal. For } ±7* -t.ooitt, • for 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

The positive values of the tables above are separated from /5 3 

the negative values by thick lines which indicate the locations 
on the Earth’s surface where the secular motion was zero during this 
period. In order to research the character of the secular changes 
&7‘ J AT J AX,A^ J AZ J AS,^ijAT and aJ, , which I will call in short, by 

using the nine tables (4l)-(49) for the 17 parallel circles and the 
2 h meridians I calculated the numbers m and M of the following tables 
(50), (51), (52) and (53)* The quantities m of a parallel circle 
in (50) is the arithmetic mean of the 24 values /»/ on a circle, 
formed without consideration of the sines of the individual values 
a/ of the tables above. M in (51) is the arithmetic mean with 
consideration of the sines. Also the m of a meridian of Table (52) 
is the arithmetic mean of the 17 values a/ in them without consid- 
eration of the sine of the individual quantities a/ . M in Table 
(53) is the average with consideration of the sine, m represents 
the quantity of the average yearly secular change. M is the true 
average change. In the following tables (50), (51), (52), (53), for 
brevity, the time is called I between 1550-1600, II between 1600- 
1650, III between 1650-1700, IV between 1700-1780 and V between 1780- 
1842 and VI between 1842-1885 . 

Regarding Tables (50), (51), (52) and (53), we should note /55 
that we did not consider the values of which apply for the 

poles when they were derived from (4l)— (49) - In the calculation of 
aJ from (46), only the 11 parallel circles ...-40-50° 

were considered in the calculation. Finally, aT^aT^aX, a} 
aIjaT,*? are expressed in units of the 5th decimal in the nine 
tables (4l) — (49) , and in (50), (51), (52), (53) as well. */' and 
'■At are expressed in minutes. 


60 


ORIGINAL PAGL t3 

OF POOR QUALITY 


y«no* i 
X a?. Fit 

i 

7, 

n. 

Mttut r sj 


//ox»t U 

< 

JT»E t 17 
T&. t If 
Ha% t V 7 


■ MifMtu 
IA*t 1/ 
JT**»£ 7< 
£Ta>,*/v/ 
lT^tUI 
fiXztm 
gvivt % 
hittti illl 
U), 
E*}:t m 

E*y*t >66 
F*/-r u t 
« **>! 
Mtunn 

I biz* 101 

0*7 ti )l 

mc-t ('i 
TF^tm 
r«i*± nr 
2 T* 7 »±Jxe 
■OitUtt/ri 


TABLED. 7 /l. 

»70*|+Xo*jXxoV»iVjo* | iio’ii/o* < p* ,_/<>•, 
*7 V* 7/ XV III III /J/ /|/ /IJ 

xt 7t >7 /tv /xx /« tex t/> tj/ 

XV iy 17 /O/ /tl /V# /VX /*7 /XO 

JJ jj v* 7* hi /Xi /X7 /xi /JV 
/IV JJ JJ 107 III Hi l» 7 || If 


J U it J V JJ VI ft V/ J 7 

V tl JO VJ S) u 71 ii it 

1 )i JJ V/ VJ ft VI VX Vi 

l J/ 1 / 17 V/ xl 6 X 60 V 7 

l IV *5 )V VI V/ VV )7 H 


— ■■— — I— — 

cmimniEiiiiKifamra TiKi 


-lo*l -Ji* i -Vo* -xi’-xi’-xx*. -la* ave rage 
/tv /t« //x /U 1 / /J 17 it 

It/ ttv 10 / /77 /vt /!/ J-J /V 7 

/XV /// /X/ /XV /V/ //7 /X III 

77 XV X 7 W 

tot /vj m tor 


m '/J 7 


/t7 /JJ t7J 


i> iJ /7 
// Vt Jt 
st n xv 

to tl Vi 
7 t 70 XI 


fmgT7irmnnw?i#//jr£7ifg7ifmfrnP7i>m>i l iJiMir 
■n7in7if77iu7irrz^rrnM 


/it no\m if t 
/X i //I |tJX 11/ 

/ii t/< !tvx txt 
//y /tvi/vv ici 
it / 1 JI/V 7 /CV 


/VJI/IJ 


/V7 no ut t>/ 
MS /IV t/l tCI 
//j /xt no m 

tJ> lit lit III 
l/i tJV />V 1IJ 
1 6a Itt it/ ix* 

/ 1 x t ( j I Itiu iXj 

mittel = 


/// //i 

ice i oxi Hi! 
Jix JXJ 

txx txtii/j; 

m let 

/ 7 X /|J 


it/ 

toxitot 
itJ 
tV 7 | SiV 


tjo t/X 

itt i n 

ns 

17 V 
JV 

vs 


EllitlP 

IS/, 

t ie 

t/i 

fm 

t/J 

tv/ tx> 

III 

ns 

txt 

ITO 

JVI 

Ji/ Jtr 

III 

m 

III 

txi 

111 

VJI X/J 

XI J 

m 

fcf 

XI 7 

VJJ 

J 7 J /XJ 

J 7 t 

J*/ 

no 

JVO 

J/J 

l/t vvx 

v/x 

VX 7 

JXJ 

»|i 

t 7 j 

t/l JJX 

J 17 

17 X 

IX/ 

tlj 

JXI 

jtlt/Til 

tiin 

Jix 

JVV 

>11 

JXJ 


V 1 VV 
17/ t*7 
vox JJJ 

Vt/ VtJ 

/Ji / 7 / 
xvt Xi/ 
Ijxi nil 


nr 


Itl 






























































:+00* 

2o?» 

+ »2 

flrj/% 

0 

IF+?-, 

-6/ 

r*?. 

+ 3 


-JJI 

>.7T«/ 

-J* 

ro?7 

-/o 

3T+F, 

+ * 

ITiP. 

+2* 

7+F. 

-V 

g+T. 

+ 67 

J/.7ft/ 

+/1 

r+t* 

+ 20 

zru. 

♦ 1/ 

2TM-. 

-/I 

gol 3 

-7/ 

r<2> 

♦*X 


-7/ 


-72 


’><«* + fQ* 
+ 4 +1 

-37 -J/ 
-f + 7 
-U »H 
-23 I wf 
<2 0 
-l -/ 
#■7 M 
2-23 +1 
+77 + 4 

-» 7 ~+T 

+ 24 +/4 
+21 +1 o 
-// ~i 
-of -h 
-23 -5/ 
-231 -I) 
-so'-u 


+6 +6 

+ 4 « 

-1* -1/ 
ft* +17 
-4/ -6) 
-/O -Q 
-2 ~t 
~i + 1 

+ V + 6 
-2 -/| 
+2 + 6 

PI PI 
+/« +# 
+/* +) 
+22 + 2 / 
~/4 "l 3 

-//l -rt 
-if -/ 

-n ~i 


+ V 

t 

-1 

-6 

-i 

-i 


-1 

-* "+T 

+ 4 

+1 

-6 

-2 

-6 

-6 

-* 

-+ 

-2 

0 

+♦ +/2 

+1« 

+ 2 

-77 

wo 

+/ 

+ 7# 

+/» 

+/6 

+/4 

+)/ 

+77 +6) 

+16 

+r 

+*f +32 

+/4 

0 

0 

-/ 

— // 

-J) 

-76 -//) 

-7/7 

wv 

-fl 

-fl 

-40 

-* + 

-) 

+n 

+ 71 / 

*7/ 

+20/ +/II 


+/1 

-i 

-J 

WO 

-2 


+/</ 

+ 2+ 

+)} 

+J6 +31 

+21 

~+7 

t 

0 

+/ 

+ 2 

+ 3 

+2 

+2 

+ 1 

.+ -3 

./ 

■ -/ 

-/ 

+2 

+/ 

+ / 

+/ 


+ J 

+ 2 

-J -/ 

-/J 

-/ 

+4 

*2 

-2 

-f 

-* 

0 

+/ 

- -I 

-At -2* 

-3/ 

-2 

-2/ 

-/J 

0 

+/ 

+2 


-1 

+/ 

+lt +*) 

+70 

+ 6 

+ 2 

+/I 

+18 

+3/ 

+/) 

-1 

-*6 

-6) 

-6) -+| 


-J 

-/ 

+ t 

+ 4 

+ > 

4; 

-J 

-) 

-/J 

-31 -7 

0 

0 

+/0 

+/* 

+/* 

+8 

+ 4 

+2 

-6 

-/ 2 

-/I -// 

-36 

+f 

+ /1 +44 

+/t 

+f 

+♦ 

+* 

-6 

-It 

-10 .22 

WJ 

+4 

+7V 

+ * 

0 

+* 

+ 2 

+ t 

-1 

-2) 

-+♦ -6) 

-32 

-) 

-*/ 

-17 

~rt 

-Jf 

-✓/ 

-/) 

-6/ 

-12 

-/// -/// 

-4/ 

-fi 

+3/ +>J 

+76 

+ft 

+// 

+/> 

+1) 

+V32 

+16f +232. 

+76 0 

+fl 

+23]+/) 

-3f 

w*o 

-t»J 

-33/ 

-37) 

—2*/ 

-66 +27 

+70/ 

-/Of 

+1 

+/f 

+f 

-71 

-*7 

-66 

-fl 

-32 

+ / +1/ 

+10 



= to zero for each parallel circle 
mittel = average 

■^AniFir/J continuation^. 

ft. +fflT +70*1+60* +30* i +»4'. *-30*,* It’.+lO’ . 0* .-/P* -20* -30*. -60' -/0* -Cc’.-jQ’t-io’.Jl 

raZ» +62 +3* +7 +4 +2 >21 +4 -2 -< -/« -/fl-/! -/6 -/! -2 +/v| +30 < 

JdZ; +74 + 30 +*0 + # +4 +4 j +6 0 -it -/* -20 Wf -U -11 0 f/f +J6 ^ 

£/i2s -26 -2 + /< +32 +10 +6 -I -/2 -/« -1 -8 -26 -20 -72 +26 +26 +’« + 



«+#o: 

+70* 

+ 60 * 

laZa 

+ 62 

+ 3* 

+ 7 

FaZ; 

+ 76 

+ /fl 

+ 20 

iFaZ = 

-26 

-2 

+ /I 

CoZ" 

./to 

-716 

-66 

F+Z= 

+ 26 

-6J 

.*/ 

ffaZ: 

-361 

.260 

-//* 

.wZrtlZ 

-67 

-f? 



-/lo -716 -66 -3J -J4 —SO I —71 -12+2) +J * +30 +/0 -/ +22 +22 +/IJ +242 + 

F»Z= +26 -6.}|-*f -*l +66 +73* +/ff +2/ !+// -J/ _/j +3* +67 -24 -77) -142 -2/4 - 

Ke.1: -361 -ll3‘r/{9 -7* -6l| -30 1 -8 6 -/6l!-16+ -2/4 -/H i +77 +332 +fll +J32 +600 +2// _+ 

Mttit -67 -f? -vl -/j 0 + / 1 +»| -/»|-3i! -6/ -tf +11 |+ff +81 +72 _+£/ _+/£ _ 

Tof* t»>6 +o,'//'+o.7j +o.73+w | +</ft-<-o, , o? +©.‘o/ -#'03 -e'e/ +0,02 +< 

1+4* +0.*/ +0.36 +o,jo +o.i> + 0 .V+O.I 7 +4/1 +<10/ o.ee +<0/ +40* +t 

mi- + 0,72 +4/3 +43) +0JC +0,/fr+0,/3>4/3 +42/ +430 +436 +437 ++ 

ZToJ; +/, 30 +476 +4 47 +427 +4/0 +4031 +0,03 +4/0 +422 +433 +471 ++ 

F+J, -*,fi -437 -O.jf -0,/# -402 +47*1 +0.32 +432 H+7 +4« +431 + 

g4» -0,32 -426 -446 +6,03 +0.10 +407 +0.06 +406 +42+ +423 V. 37 + 

Jitttl + 0,11 +407 +4341+4/2 + 4 // +4// +4/2 +4<3 +416 + 0 . 31+437 + 

i*0< *+4+1 +426 +421 +0.'21 +0>l +470 +403 -«.'«/ +*>6 +o,'o; +4«f -4*0/ .4'o> -4'/4 -4/4 -0,'/2 -tt'oi + 

ZTAi , +o,/r +0.01 +40/+40) 400 -401 -4/3 -4/6 -47Vj-477 -40? 4«» ho} -402 -4<73 +40J +o,J2 - 

Z2T+6* -0.72 -0.21-0.1/ -4/2 -47/ -0./2 -4.// -0.67 +44»j +4/6 +4/2 +4/6 +4/0 +407 +4/3 +426 +422 + 


rr.ittel = average 


r>r, +63 

g+T- -/f 


^+7s -7 
FoZ* + 

g -3 
Uf.’tf*/ -/ 


-4/71 

-404 

-4,/f 

-4J6 

-4,// 

-4f2 

-43/ 

+4/7 

+43) 

+0.73 

+431 

+431 

+4,37 

-4.33 

-0.1 J| 

+4/| 

+462 

+4J6 

+7,00 

+46/ 

+o» 

-».10 

+4«6 

+43/ 

+4 33 

+V./6 

♦ 4/1. 

Wrt, 

+437 

+4/6 


-467 

W.e? 

W.2J 


W,?J 

-!»} 

-410 

+437 

0.30! 

+4+6 

+0./0 

+40/1 

+40/ 

-CCj 

-«.76i-4/3 

-413 

Lft/v] 

+00 • 

♦ O./S 

+433 

-24 

-76 

-/3 

-1 

0 

+ 6 

+73 

+/3 

+ // 

+/0 

+ 3 

-* 

-n 

+ // 

+ 3 

+ 4 

♦ f 

+ 1 

+ / 

+/0 

+ 7 

+ 6 

+ 3 

+ 6 

-A 

-J 

+ 63 

+17 

+/) 

+1/ 

+1/ 

+// 

+ / 

-/ 

+ i 

+ 7 

+// 

+ 3 

-2 

+ / 

-/J 

+ 2 

+ /i 

-/ 

-16 


-60 

-17 

+/0 

+ /3 

o 

-73 

+/4 

-/ 

-7f 

-31 

-fO 

+3/ 

+32 

+% 

+30 

+/3 

+1/ 

+)3 

+//0 

-737 

-73/ 

-* 7 

-60 

-1 

+/7 

+/1 

-3) 

-766 

-27) 


l 3+J 

-206 

-5 

-10 

-2f 

-/I 


+ i 

+/6 

i +h 

-IS 

-3) 

-21 

■ -VO 

r^T 

+ 2) 

+ 3 

-/ 

+ / 

+n 

+26 

+21 

+ 27 

+ 16 

+ lf 

+ 7/ 

; + // 

+/ 

vn> 

+12 

+/4 

+10 

+ 26 

+16 

+77 

+ 6 

+ 6 

+/6 

♦ 10 

]+/» 

+/i 

+/0 

+23 

+60 

+ 30 

+ 2/ 

+73 

+/4 

+17 

+37 

+31 

+36 

+30 

+/i 

W20 

-fl 

-10 

-3 

-/0 

-73 

-f 

+ 3 

+/I 

+1) 

! +30 

,+1/ 

-76 

-32 

-13 

— i7 

-3/ 

+ 6/ 

+12 

+»7 

+7f 

+ff 

+11 

!+i 

+ 30 

+//6 

-Hi 

L/16 

WOI 

-4) 

-6/ 

-41 

-/) 

-f) 

-7/ 

-734 

-266 

!-♦/* 

-3/6 

-37 


-16 

-) 

+ 6 

+// 

+/6 

I+V6 

+// 

-2 

-26 

1 -27 

-43 


/07++J2 


u'rtitiii'lAL PAGE !9 
OF POOR QUALITY 



i 


• •* ♦ • #^^*1 wiiSSSS Cn i tt •J'2 tJ 

* C-ss^iss :;. 

v •*"*"»'•'•'■♦“• ^ "j »•* »* r» 5 »» •»»■* /* ••''-'S22 — 5 sf r?sf iJ T*i iJ i i» £ i; a 5 

$S-i:>::S$33:S£ ?lissss5 ; ^sssaSsSs C5SS??535?i~ 

-> J Z< ^ -.W-.»InC+-A**i»<««i -•IlnHtMx J W -J «-v -i ,-,- 

?w« -«»v« * « ;■'•>•> »><• »«»«•• r« •>«•* *~ rj># •»>»■>• ^ w C r s v 2 s 

^ "» -— ~ - ^-v- 1 *.#' •*<"» ,(>s«v'i'«»r/ w * 

H ^ ^ >, -^ >. — »•>/ — — » — 1 <, -r M m -, ■» ^ ^ * > S «• ^ ^> 


*3 S 3 ^ 

t,V 9 fc»U 4 Bl^ 


M,thi ^Trn^Tucj \i»\vi 

mi t tel = average 






















































C /x H W ^ H |x«i <4 H % ^ J N 

>• **•. ^•"-H ^ ^ ^ 4 . ^ •*P'* ,-fc ^2S2 m 

N* <•! •< •• '■* i< p nNS r s | N * N*< •<•♦•< •< 


•s«s *\ **b ^ > ■** 

X •< x* x, X •< •« 


-4M«» ♦ ^ N 


^ n *7 

MW X^WS 


Mm'MM K 


§ d 3 ?fete § 




X X x 


'« 

; e Hto 


5S J** 5T 5 

X N 'X X 


•rf *X •* Q X > > X 

^ >>NWX Xx X -*« 


• J 4 ~*~s ** 4|>x x •* x «x ^ r* • 

«x**;v<<< x ^ v ^ H ^ N X *1 •» 


a 


S x 

*^ <-* ♦ x* x •* 


-\H 

^- MVo-Vxx-^jx^^^;^ t 

fc'J !, ir*5 w *J mLmsm^ slwk •MM*** 

^ ^ % x' % < <j<j XX xxx X XMM^XXN 


^ ^ -v 

.O X *>> M 9 x 

-x* V<-<rv < 


•» O > W 

x x 


*x«x ° • ■>• W •#>» 

"* X ># x f* •xl^ll* 


3 ! 


•Xx.x.««*^x> -*-*•«% X"'*K'0 ♦ -* «x 
X,' x‘x* x'x* -X- v X X X X X •* X.|»tf x. *4 X 


x^X-4 ^•s 'xh 5 1? ^ 

X X. -x X »»I X L*(X N X »4 


X X X fc x •slr-lx^^Xx^ 

^X X ^ ^ X xN f' • 

xx v x ^.K, M N •< X X 


IE 


♦ >•*■ 7* 


X ^ X X 

■*■♦•♦ I I 


B^Ebbh^BI 


^ X X 
>» X X4 •" 

^*4 1 


iSSSESi 


•* j* >*• - 


IQ 


Jl3 5=r3 


*■ + * 1 ■*. 


7 » 7 < 


?*?R 


r% r* fx^ £ -4 

I x f>* vi 5 W 

• • • *r i 


>• >• fx <-| 

• ill 


XfVX 

x N -» 
f I I 


ISSgjE 


■* I1*i 


BiBE881g 








sees 


BSSES 




gggfil 


?t-5y* 
* ■*■ i ♦ r 


"[' t i ♦■» 
5 | ' 7 • * 4 


ESgEESgiE 




^ X XX 

♦ 4 -i I 


“P 

BE 


WKKBm 

: IsSSSss! 




*7 7T * 


• ►«« ; >v 

-» *• ~ % 2 *- 2 
X X X x •• x »4 

M H ♦ •♦» 4|l* rf** M *1 *i 4i 4rf^4 ♦* 4« U 4I4|4* 

. * •»»•**•#« ph* • y • » * 4 * »• *• ± 

^^#. 5 Ss£lfiH 5 S§£fi 


O N ♦'w 

•* t ■cT 
/< * H *• ♦• 4| 41 


x ^ X S v 
4 -4 4 4 4. 


§ 


5ra****s« • s 









































































<#• I >/ 











































OF POOR k 


The absolute positive and negative maxima of the yearly secu- 
lar changes IS.aL.oT.a? of the nine Earth magnetic 

elements T'T, X, y, XjS, * ,T,X_ are taken from the nine tables (*4l)- 
(*49) above and are entered into the following tables (5*0, (55), (56) 
(57), (58), (59), (60), (61) and (62). All values of Tables (*41)- 
(*49) were considered. When setting ud Table (59), only the area 
between the parallels ^•o-Fo* and 5 ^»-/o* were considered. 

and are a i so given in Tables (5*4) — (62), 
as before in (*41)-(53) in Gauss units of the 5th decimal. A6 and 
Ai are given in minutes. 
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Table (50) gives on the average a minimum of m on the parallel 
^ for an average over all five or six intermediate times, 

more or less in the individual series as well. It gives a maximum 
near # = + / 0 * for and ** ; for 2 , a7~,a7 ; on the other 

hand, there are two minima in the vicinity of the parallels 
and and two maxima near <}>-z+w and . Finally, 

nisAf according to (50) is the smallest on the Equator and 
increases with latitude toward the poles. 

/60 

The values al^aT and of Table (52) have three 

minima in the vicinity of A.=0 ‘ /</’ and ? 30 °, and three maxima at 
I-***'***' and 305° • &T and in addition have a Ath minimum 

near and a Hh maximum at XsJlo* 

tS and in Table (52) have three maxima at A = and 250 ° 

and three minima at A r */ze*, lio* and 285°. 

The averages for the entire Earth according to (50) and (52) 

are «* -tT-to.eoc^^X 

*J-z±o,o*inf.f. and &Z=t<?,on97j-I. . Out of the Earth magnetic 

elements and Z, F changes the least with time and 

the vertical component Z changes the most. 

As far as the value M of Tables (51) and (53) are concerned, 
numerically they are smaller than the corresponding m of Tables 
(50) and (52) because by consideration of the signs + and - part 
of the number is canceled. On the average for the entire Earth, M 
is almost equal to zero, that is, o£4-o,ooo«/j'£ 
a\--c,«co/C $■?. J&y* -0,0002 z y. 4>li)>4Z = 0,0/’= 

For the series of the quantities a^,aX, * Z, aT 

and a) , which are shown as averages in the columns of Tables (51) 
and (53 ) , most of them have two maxima and two minima. Inside of 
the individual series, the sine usually changes three times and M 
goes through zero three times. 
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If we finally compare the nine Tables (5^ ) — (62) with Tables 
(50) or with (52), we obtain the following for the entire Earth 


according to 
Tables ( 50 ) or 
(52) 

average M 


average values 
of the abso- 
lute maxima according to 
m table 
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The quantities m are, therefore, three to four times as large 
as the corresponding values of m; only Ai deviates from this rule 
slightly because for Ai, this ratio is between four and five. 

At the end of this paper one can find a map drawing of the 
agonic (?) line for epochs 1550, 1650, 1700, 1780 and 1900 which were 
obtained by transferring the zero lines of declination of Tables 
(16) and (30) (cf. top of Pages 12 and 19 of this publication) and 
the zero lines of Table (32) of Publication II page 47-51 on a 
single sheet having the form of these tables. We have left out all 
the numerical values of declination here. The ag lines of epoch 
1600 have been left off in order not to over burden the small map 
because they differ only slightly from the values for 1550. Also 
the ag lines for epochs 1842 and 1885 are .not given here because 
they are not much different from those for epoch 1900. 

From this sketch one can see that during the time period of 350 
years which we considered, from 1550 to 1900, the displacements of 
the northwestern half of the European-Asiatic agonic (?) line as well 



as the displacement of the southeastern half of the American-Atlantic 
agonic line were substantial in the direction from east to west 
and from northeast to southwest. Over the same 350 years, the 
motions in the southeastern half of the European-Asiatic ag line 
were much less and they were also much less in the northwestern 
part cf the American-Atlantic line where the direction of motion 
often change, even though the position changes were primarily from 
east to west, and later on, from west to east. 

Over the last 120 years, from 1780 to 1900, the position 
changes of the southeastern half of the European-Asiatic ag line 
and of the northwestern half of the American-Atlantic agonic line 
were only small. On the other hand, in the northwest half of the 
European-Asiatic ag line and in the southeast half of the American- 
Atlantic ag line, the motions were not that small in the direction 
from east to west. In addition to the primary motions of the 
agonic lines from east to west, we also find motions in the opposite 
directions from west to east. According to our map, they change in 
such a manner that it is difficult to make a forecast for the future 
or the past (that is, after 1900 or before 1550) for large time 
intervals. A continuing motion of the ag. line around the Earth 
is not very likely. Also, the conclusions derived from earlier 
investigations of pottery found in Etruscan graves ( 8 0 0 BC ) that 
at that time ( 8 0 0 BC) the inclination needle in central Italy 

pointed not to the North Pole as now, but to the South Pole, is 

* 

rather unlikely . As the five tables (33) publication II pages 53-53 
and Tables (17) pages 13 and 31 page 20 of the present publication 
shcv:, the magnetic equator where the inclination is zero has not 
moved at all over the last 350 years from 1550 to 1900 on the Earth's 
surface. This is a case even though according to our Table ( 6 0 ) 
above, at many locations the changes in inclination over time were 
quite substantial at individual points near the Equator. 

* 

cf. Meteorological Publication February 1897 page 53. 
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VF 


1) Table (6), page 6, g^hi are the coefficients of the Gauss 
theory for the inner-magnetic Earth’s forces. 

2) X is the eastern longitude from Greenwich and $ is the 
geographic latitude. 

3) For calculating the elements, and I using 

the Table ( 4 0 ) above, pages 25-26, and the element gh of the theory, 
one should use the formulas given in Publication I, pages 10-25. 
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